-~

NASA TT F-9856

o)
iy
@
o)}
.
E-
=
3
» = ISOTOPIC EXCHANGE OF OXYGEN ON SILVER FILMS
[ ]
G. K. Boreskov, A, V. Khasin and T. S. Starostina
g =~ 14
£ (ACCES /§7 L T 7T (THRU}
;j: {PAGES) (co{g)
: o5
(NASA CR OR TMX OR AD NUMBER]) (CATE Y}
Translation of "Izotopnyy obmen kisloroda na plenkakh serebra"
Doklady AN SSSR, Fizicheskaya Khimiya,
Vol. 164, No. 3, pp. 606-609, 1965
GPO PRICE $
L ]
CFSTI PRICE(S) $
/
" Hard copy (HC) / 00
- )
Microfiche (MF) ﬁ
# 653 July 65

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON JANUARY 1966




. NASA TT F-9856

ISOTOPIC EXCHANGE OF OXYGEN ON SILVER FILMS

G. K. Boreskov, A. V. Khasin, T. S. Starostina

ABSTRACT Ve e

The authors analyze the oxygen bond on the surface of /606%

silver by studying the isotopic exchange of adsorbed oxygen
with gaseous oxygen, and also by investigating homomolecular
exchange of oxygen. The adsorption kinetics were studied on
silver films condensed at room temperature and at -195°,
Tables are given for exchange rates in both reactions. It
is found that the adsorption-desorption mechanism is respon-

sible for both types of exchange. &lc&%&\, <

Silver is used as a catalyst in selective oxidation of organic sub-
stances which is important in several processes, e. g. oxidation of ethylene
into ethylene oxide, methyl alcohol into formaldehyde, etc. In order to de-
termine the mechanism responsible for oxidative catalysis on silver, the state
of the adsorbed oxygen must be known. Many research workers have used varied
methods to study the state of oxygen on silver (references 1-10), but there
are considerable discrepancies on a number of basic problems, particularly
with regard to the form of the adsorbed oxygen.

In order to determine the nature of the oxygen bond on the surface of

silver, we studied the kinetics of both isotopic exchange of adsorbed oxygen

*Numbers given in margin indicate pagination in original foreign text.
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with gaseous oxygen, and homomolecular isotopic exchange of oxygen. The ex-
change kinetics were studied in a static vacuum installation. Isotopic analy-
sis of the oxygen was done on an Mi-1305 mass spectrometer. Oxygen was ac-
cumulated in the ion source of the mass spectrometer through a glass capil-
lary directly connected to the reaction volume. Provision was made for both
continuous and periodic oxygen accumulation. The films were prepared in a
reaction vessel by vaporization from a helix of silver wire (99.99% Ag; wire
diameter 0.3 or 0.5 mm) heated by an electric current in a vacuum of 10° 7 to
1076 mm Hg.

The silver was condensed at -195° or 20°. The films were heated in
vacuum immediately after vaporization: films condensed at 20° were heated
for 3 hours at 250° or 3000; films condensed at -195° were first reheated to
room temperature, and then heated at 200° for 3 hours.

According to measurements of low-temperature krypton adsorption (refer-

ence 11), the surface area of the films condensed at 20° was 120-160 cm2.

The film condensed at -195° had an original area of 360 cm?. Subsequent
heating of this film in oxygen to 250° reduced the surface to 300 cm? with
a final reduction to 250 cm? after prolonged heating under these same con-
ditions.

Oxygen enriched with isotope 018 (43%) was adsorbed on freshly prepared
films. A temperature of 200° was used for oxygen adsorption on films con-
densed at -195°, while oxygen was adsorbed at 250° on films condensed at 20°.

The adsorption was basically completed 1% hours after the beginning of
the experiment with only extremely slow adsorption taking place after this

period. Films condensed at -195° adsorbed 0.7 monolayer in this length of

time, while those condensed at 20° adsorbed 2-3 monolayers. In calculating



the value of a single monolayer, it was assumed that 1.2°1015 atoms of oxygen
are needed to completely cover 1 cm? of silver surface.

After the adsorption was measured, the films were held for 12-40 hours
at the adsorption temperatures indicated above and pressures of 0.04-0.15 mm Hg
in enriched oxygen. In this case, a considerable reduction was observed /607
in the concentration of 018 in the gaseous oxygen. This shows that the films
contained oxygen of the natural isotopic composition before adsorption. Ac-
cording to estimates based on reduction of the 018 content in the gaseous
phase, the quantity of oxygen in the films before adsorption amounted to sev-
eral monolayers. To all appearances, this oxygen was retained by the helix

of silver wire in spite of preliminary degassing, and was absorbed during

condensation of the silver.
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Fig. 1. Increase in 0!8 concentration in the gaseous phase
at 200°: I--after holding at 200° (pressure P=0.12 mm Hg,
N=2.4-10"% mole, area S= 360 cm?, C§= 36.9%); 2--after hold-
ing at 250° (P=0.12 mm Hg, = 2.410"% mole, S= 300 cm?,
C=41.0%).
The oxygen was enriched by holding the films in oxygen.

Isotopic exchange with gaseous oxygen was carried out on the enriched



films. This was done by pumping the enriched oxygen out of the reaction volume
at room temperature and admitting oxygen of the natural isotopic composition.
The reaction vessel was then placed in a furnace preheated to the experimental
temperature, and isotopic exchange of adsorbed oxygen with gaseous oxygen took
place. Isotopic analysis of the oxygen in the course of the experiment showed
that exchange was almost continuous during the first hour. Our measurements
were used for plotting curves to show the increase in 0180!8 and 016018 in the
gaseous oxygen.

We used data from measurements of the rate of exchange during preliminary
holding of the films in enriched oxygen to determine the 018 content in the ad-
sorbed oxygen at the initial moment of the reaction. The rate of isotopic ex-
change after treatment of the films in heavy oxygen is N(dC/dT)Tf.: v(Cd—Q%i).
At the beginning of exchange with natural oxygen, the rate is ’

w(de/dv), = v(CG- o), (1)

where ¥ is the quantity of gaseous oxygen in the system; 1 is time; C is the
fraction of 0!8 in the gaseous oxygen; Cy is the fraction of 0!8 in the gaseous
oxygen at the initial moment of isotopic exchange with natural oxygen; Cé is
the fraction of 0!8 in the adsorbed oxygen at the initial moment of isotopic
exchange with natural oxygen; Cfi is the fraction of 0!8 in the gaseous oxygen
after the preceding treatment; v is the rate of exchange. In previous calcu-
lations of the rates of exchange and the quantity of exchanged oxygen using the
data of the first experiments, we took 06 as equal to the 018 content in the
initial enriched oxygen, which was considerably greater than the actual value
of Cg. Thus the values which we obtained for the indicated quantities were too
low (reference 9). The kinetics of the isotopic exchange reaction were studied

at 200°and 250° and 0.1-0.6 mm Hg. The increase in 0!8 concentration at 200°

N



in the experiment with films condensed at -195° after adsorption and /608

holding in oxygen at 200° is shown in figure 1A (curve 1). After completion of
the reaction, the film was held in enriched oxygen at 250° and the kinetics of
the isotopic exchange were again measured at 200° (figure 1A curve 2).

It is possible that the reduction in activity of the film is caused by
an increase in the oxygen content in thé surface layers.

As evidenced in figure 1B, the kinetics of isotopic exchange at 200°

satisfy the equation of the first order

N-N’ In Cco_CO
N+ N Cw-—-C

= DT, ‘ (2)
where N' is the quantity of oxygen in the silver which takes part in the ex-
change; C, is the fraction of 0!8 in the gaseous oxygen which corresponds to
isotopic equilibrium of the system; the other symbols have the same meanings

as in (1). Equation (2) is derived by integration of equation (1). From the
balance eugation Ncoi-N’06= (N+0V')w, we find that the quantity N' of oxygen
in the film which takes part in the exchange is 2.8 monolayers in the first
experiment and 2.0 monolayers in the second. Thus the indicated quantity of
oxygen in the silver in these conditions is equivalent to the value in exchange
with gaseous oxygen which indicates uniformity with respect to energy.

The ratios of the initial rates of increase of the isotopic molecules
016018 and 0180!8 in the experiments under consideration (figure 2) are equal
to 3.5 and 3.2 respectively which is close to the values which would be ob-
served for the case of desorption of equilibrium oxygen: at initial concen-
trations of 018 equal to 36.9 and 41.0%, the equilibrium ratios are equal to
3.4 and 2.9 respectively.

This ratio increases with the degree of exchange, but continues its cor-

respondence with desorption of the equilibrium gas.



This result indicates an adsorption-desorption mechanism with an extreme-

ly high rate of redistribution of the isotopic atoms in the adsorbed oXygen.
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Fig. 2. Increase in concentrations of 016018 ang 018018 4t

the beginning of experiments at 200° (the same experiments

as in figure 1).
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Fig. 3. Increase in concentration of 0!8 in the gaseous
phase at 250°: I--film condensed at -195° (P=0.12 mm Hgs
V=2.3-10"% mole; S =250 cm?; C§=42.6%); 2--film condensed

at 20° (P=0.11 mm Hg; §=2.3+10" 6 mole; §= 120 cm?; Cl=33.6%).



In exchange with gaseous oxygen at 250° (figure 3), an additional ngé}
1-2 monolayers of oxygen is observed, so that the total quantity of oxygen
taking part in the exchange is no less than 3-4 monolayers. Equation (2) does
not describe the reaction kinetics at this temperature since the additional
oXygen appearing in the reaction exchanges at a lower rate.

The specific rates of exchange are given in table 1. The data in this
table show that films condensed at -195° do not differ from the other films
with respect to exchange when identical preliminary oxygen treatment is used.
The apparent activation energy of the reaction is 31% 2 Kcal/mole. The order
of the exchange with respect to oxygen pressure at 250° is equal to 0.3.

Homomolecular exchange of oxygen was studied on the films after ex-
periments on isotopic exchange. As a preliminary treatment, the films were
held at the reaction temperature in oxygen with the same content of 018 as in
the reaction mixture (a mixture of equal volumes of enriched and natural oxygen),

TABLE 1
Legend: a--temp. of condensed Ag vapor at film vaporization; b--temp. of pre-
liminary holding of the film in Oy; c--reaction of isotopic exchange of ad-
sorbed oxygen with gaseous oxygen; d--reaction of isotopic homomolecular ex-
change; e--reaction temperature; f--pressure, mm Hg; g--spec. rate of exchange,

mol/sececm?; h--apparent activation energy of the reaction, Kcal/mole.
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until isotopic equilibrium was reached. The experiments were conducted at 225°
250%and 300° at pressures of 0.1~0.7 mm Hg. The rates of exchange were cal-
culated from an equation of the first order (reference 12).

As may be seen from the data of table 1, the initial rates of exchange
for the reaction of isotopic exchange coincide with the reaction rates of the
homomolecular exchange reaction. The activation energies for both reactions
also coincide. The order of homomolecular exchange at 250° is also 0.3, as
in the case of the isotopic exchange reaction.

Thus it may be concluded that both reactions take place according to
the same mechanism--the adsorption-desorption mechanism. The result confirms
the equality of desorption and exchange observed by Sandler and Hickam (refer-
ence 10).

The small value of the order indicates a considerable (>0.5) degree of
covering under the conditions of our experiment. Nevertheless, a greater
quantity of silver oxygen enters the exchange at 200° than can be found on
the surface, and the fact that this oxygen is equal as regards exchange with

the gaseous phase indicates that its activity is high.
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